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Abstract
Cell matrix interactions are critical in the expression and maintenance of differentiated functions in mammary gland.
Matrix metalloproteinases (MMPs), by acting on different matrix components, contribute to the remodelling of extracellular
matrix. Of the three major gelatinases found in rat mammary gland at different stages of ontogeny, 60K gelatinase, a Ca2
dependent neutral MMP, seems to be involved in involution, as it appears at the late stage of involution. Further
investigations on its regulation by hormones which influence the mammary gland function were carried out. Administration
of L-oestradiol caused the appearance of 60K gelatinase on the 2nd day of involution, while in untreated controls this activity
was absent. On treatment of mammary epithelial cells of the 2nd day involuting tissue in culture with L-oestradiol, the 60K
gelatinase activity appeared, while the untreated controls did not show the activity. The effect of L-oestradiol was studied
further by metabolic labelling of the epithelial cells from the 2nd day involuting tissue. A concentration dependent increase in
the amount of radiolabelled 60K gelatinase was found on treatment with L-oestradiol. The upregulation of the 60K
gelatinase activity in vivo was also found by immunocytochemical staining of the L-oestradiol treated tissues. The effect of L-
oestradiol appears to be specific for 60K as the activity of other gelatinases (130K and 68K) in the mammary gland were not
affected. Furthermore, a drastic regression of the mammary gland as evidenced by histochemical analysis and a marked
decrease in the milk protein production in L-oestradiol treated tissues indicated the onset of early involution. These results
indicate that the 60K gelatinase which is upregulated during involution or on induction of early involution may play a key
role in remodelling of extracellular matrix in mammary gland and further that this enzyme is subject to modulation by L-
oestradiol. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction
Remodelling of extracellular matrix (ECM) is an
important process during normal development of tis-
sues. Mammary gland is one of the few organs that
undergoes extensive remodelling during the various
stages of growth and development [1]. The matrix
metalloproteinases (MMPs), a family of secreted
neutral proteinases, are believed to contribute signi¢-
cantly to the remodelling process [2]. The loss of
di¡erentiated functions of mammary gland during
involution is related to alteration in critical interac-
tion of cells with ECM [3]. The degradation of ECM
and basement membrane during involution is
brought about by an increased secretion of MMPs
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such as stromelysin-1, stromelysin-3, gelatinase A
and certain serine proteinases [4]. At least three dif-
ferent types of gelatinases that are involved in the
degradation of the ECM components, particularly
collagen, of the mammary gland have been reported
[5]. The complex regulation of these neutral protei-
nases appears to occur at least at three di¡erent lev-
els, viz. transcriptional regulation of the genes [6],
activation of secreted proenzyme [5] and via speci¢c
inhibitors [7], viz. the tissue inhibitors of metallopro-
teinases (TIMPs) which bind to activated MMPs.
The di¡erent phases of mammary epithelial cell
proliferation and di¡erentiation are under stringent
hormonal control [8]. Normal mammary gland devel-
opment is dependent at least in part upon the inter-
action between gonadotropic hormone and oestrogen
[9]. Hydrocortisone and prolactin [10] inhibited
mammary gland regression when administered in
high doses. Glucocorticoid and progesterone inhib-
ited mammary gland involution by a local e¡ect and
AP-1 [11] is a potential target of this glucocorticoid
hormone-mediated inhibition [12].
Earlier reports by Talhouk et al. [5] as well as from
our experiments [13] showed three types of gelatin-
ases of molecular sizes 130 000, 68 000 and 60 000
in involuting rat mammary gland. The 130K gelatin-
ase was seen till the 3rd day of involution, while the
60K appeared only at the later stage. We have puri-
¢ed and characterised the 60K gelatinase and found
this to be a Ca2 dependent neutral matrix metal-
loproteinase unrelated to 130K and 68K [13]. Since
the 60K gelatinase appears to have a role in matrix
remodelling during involution, the hormonal regula-
tion of the 60K neutral matrix metalloproteinase in
mammary tissue is examined. The e¡ect of L-oestra-
diol which is known to accelerate involution [14] of
mammary gland was studied both in vivo and in
vitro. The results reported here suggest that L-oestra-
diol plays an important role in regulating the activity
of 60K gelatinase.
2. Materials and methods
2.1. Materials
Acrylamide, bisacrylamide, agarose, L-oestradiol
(water soluble), Eagle’s MEM, collagenase, trypsin,
fetal calf serum, HEPES, protein A-Sepharose beads
and 4-chloro-1-naphthol were from Sigma (St. Louis,
MO, USA). Gelatin was from Serva (Germany).
Antibody to 60K gelatinase was developed in our
laboratory [13]. [3H]Leucine was a product of
BARC (Mumbai). Biotinylated anti-rabbit IgG and
streptavidin HRP were from Dako (Denmark). Dia-
minobenzidine (DAB) was from Vector laboratories
(CA, USA). Tissue culture plastics were from Nunc
(Roskilade, Denmark). Nitrocellulose membrane was
from Sartorious (Go«ttingen, Germany).
2.2. Animals and tissue treatment
Mammary tissues (from inguinal and abdominal
glands) at various stages of ontogeny were isolated
from female Sprague-Dawley rats. The tissue was
homogenised (1:4 w/v) with phosphate bu¡er (0.1 M
pH 7.5). The clear supernatant collected after centri-
fugation (10 000Ug for 20 min) was used for the
enzyme assay, puri¢cation and characterisation.
2.3. Hormone treatment
Lactating rats were injected with L-oestradiol
(0.6 mg/kg body wt) subcutaneously to the inguinal
mammary gland. The pups were separated from the
mother and the mammary tissue was collected on the
2nd day of involution. Saline injected animals served
as control.
2.4. Cell isolation
Mammary glands were excised from the 2nd and
6th day involuting tissues and the epithelial cells were
isolated by the method of Emerman and Bissell [15].
The dissociation medium consisted of 0.1% collagen-
ase, 0.15% trypsin, 1% FCS, 0.12% NaHCO3 and
0.15% HEPES in MEM. Brie£y, the method involved
the dissociation of the gland in the medium for 1 h at
37‡C followed by centrifugation at 20Ug for 1 min.
The epithelial and ¢broblast cells were separated by
repeated di¡erential centrifugation and ¢nal pellet
consisting of epithelial cells was digested with DNase
I (1 ml 0.4% at 37‡C for 15 min) to give a greater
number of single cells. Viability of the cells was
checked by 0.1% trypan blue and only cell prepara-
tions with more than 90% viability were used. Mi-
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croscopic examination showed that the epithelial cell
preparation was not contaminated with other types
of cells. Isolated cells were maintained in Eagle’s me-
dium containing 5% FCS supplemented with penicil-
lin (100 mg/l), streptomycin (100 mg/l), and insulin
(0.6 mg/l) at 37‡C in a humidi¢ed Forma incubator
(95% air and 5% CO2).
2.5. Treatment of cells and metabolic labelling
The mammary epithelial cells were seeded onto
35 mm plastic Petri dishes at a density of 3^4U106
cells/plate. After 3^4 h, the unattached cells were
removed and the attached cells incubated in a me-
dium containing L-oestradiol. Cells were metabol-
ically labelled with [3H]leucine (25 WCi/ml) in leucine
free MEM. After the required time intervals (2^18 h),
the medium was removed. The cells were washed and
scrapped into PBS. The cell pellet and medium were
used for zymography and immunoprecipitation. Ra-
dioactivity was measured in a LKB Rack beta liquid
scintillation counter. Protein was estimated by the
method of Lowry et al. [16].
2.6. Zymography
The activities of the ECM degrading metallopro-
teinases were demonstrated by zymography [17]. Zy-
mogram gels consisted of 10% polyacrylamide
impregnated with gelatin (2 mg/ml). After electro-
phoresis, the gels were washed twice for 30 min
each in 2.5% Triton X-100 at room temperature,
incubated for 24^48 h in substrate bu¡er (50 mM
Tris-HCl, 5 mM CaCl2, 0.02% NaN3 pH 7.5) at
37‡C. The gels were stained with Coomassie blue
R250 for 1 h and destained with water overnight.
Gelatinase activities were seen as clear bands indicat-
ing the proteolysis of the substrate protein. Parallel
controls in which EDTA (2 mM) was included in the
incubating bu¡er did not show such bands. The ac-
tivities of the di¡erent gelatinases on zymograms
were quantitated by densitometric analysis in a
LKB densitometer. The results were expressed in
densitometric units as percentage of maximum.
2.7. Immunoprecipitation and immunoblot analysis
The antibodies to the puri¢ed 60K gelatinase pro-
duced in male albino rabbits as described before [13]
were used. The speci¢city of the antiserum was estab-
lished in immunodi¡usion studies. The culture me-
dium which contained the secreted proteins was sub-
jected to immunoprecipitation [18]. The medium was
incubated with 20 Wl of antiserum against 60K gelat-
inase for 2 h at room temperature with occasional
shaking. 20 Wl suspension of protein A-Sepharose
beads was added and kept overnight at 4‡C with
frequent shaking. The medium was centrifuged
(30Ug) and beads were washed repeatedly with
TBS (0.1 M pH 7.6) containing 0.05% NP40,
0.05% deoxycholate. The beads were then repeatedly
washed with TBS and suspended in electrophoresis
sample bu¡er, heated for 3 min, centrifuged, and the
supernatant was subjected to SDS-PAGE [19]. Spe-
ci¢c bands were cut, dissolved in 30% H2O2 and
radioactivity measured in a LKB rack beta liquid
scintillation counter.
Puri¢ed gelatinases were electrophoresed and
transferred to a nitrocellulose membrane [20]. The
membrane was overlaid with 60K antibody and
was developed using HRP-conjugated anti-rabbit
IgG and 4-chloro-1-naphthol [21].
2.8. Histochemical and immunocytochemical analyses
Histochemical and immunocytochemical analyses
were carried out with mammary tissue sections
from the normal and hormone treated rats at di¡er-
ent phases of ontogeny. Tissue samples were col-
lected at least from three to ¢ve rats each for the
analyses at each stage. For the histological and im-
munological studies, the tissues from the inguinal
(No. 5) gland to the right were used. The excised
tissues were ¢xed in 10% formaldehyde and em-
bedded in para⁄n. The sections for histochemical
analysis were stained with haematoxylin and eosin.
The di¡erent stages of development and the changes
in hormone induced tissue were assessed from the
number and size of the acini. The number of acini
was counted in four to ¢ve high power ¢elds and
the average value was taken for each specimen and
expressed as percentage of that of the lactating tis-
sue.
Immunocytochemical analysis was performed with
anti-60K gelatinase by the streptavidin-biotin com-
plex method [22]. Sections were depara⁄nised in xy-
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lene, rehydrated with ethanol and rinsed in deionised
water. Endogenous peroxidase was blocked by 25 min
incubation in 3% H2O2 in methanol. The tissue
sections were rinsed with distilled water and then
incubated with 0.3% BSA to reduce non-speci¢c anti-
body binding. These sections were incubated with the
antibody to 60K gelatinase (1:50 dilution) overnight
at 4‡C, washed and incubated further for 30 min
each at room temperature with biotinylated second-
ary antibody (1:200 dilution) and then with perox-
idase conjugated streptavidin (1:500 dilution). After
each step, the sections were washed with PBS and the
peroxidase reaction was developed by application
of DAB. The sections were lightly counterstained
with Mayer’s haematoxylin. The control experiments
were performed in which primary antibody was omit-
ted.
3. Results
3.1. Activity of gelatinases during mammary gland
ontogeny
Gelatinase activity in mammary gland during dif-
ferent stages of ontogeny was studied by zymography
using gelatin impregnated gels. As reported earlier
[5,13], the activity of mainly three types of gela-
tinases, viz. the 130K, 68K and 60K, varied during
di¡erent stages of involution. This was further exam-
ined by quantitatively analysing the relative amount
of these three gelatinases. 130K gelatinase was seen
only during the early involutary phase. The 68K gel-
Fig. 1. Activity of gelatinases in lactating and involuting rat
mammary glands. Extracts of mammary tissue from lactating
(L) rats and at di¡erent days of involution were subjected to
zymography. The gelatinase activity was quantitated by densito-
metric analysis of the zymogram and expressed as percentage of
maximum. The numerals (1, 2, 4, 6, 9, 11) indicate the day of
involution. The values given are the average of ¢ve experiments
( þ S.D.).
Fig. 2. Immunoblot analysis. Puri¢ed 130K, 68K and 60K ge-
latinases were subjected to SDS-PAGE (7.5%) and transferred
to a nitrocellulose membrane. The membrane was overlaid with
antiserum (1:20 dilution) to 60K gelatinase and the reaction de-
veloped as described in Section 2. A, 130K; B, 68K; C, 60K.
The arrow indicates the 60K gelatinase.
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atinase activity remained almost constant during dif-
ferent stages of involution while maximum activity of
the 60K gelatinase was found on the 6th day of in-
volution (Fig. 1). The 68K gelatinase activity was
observed in virgin, midpregnant and lactating tissues
as well, while no signi¢cant 60K activity was found
in midpregnant and lactating tissues. The possibility
of the 60K gelatinase being formed by the degrada-
tion of 130K or 68K gelatinase was examined by
immunoblotting of the puri¢ed enzymes. The puri-
¢ed 60K showed positive reaction while 68K or
130K did not show any reaction (Fig. 2), suggesting
that 60K is not formed by the degradation of other
gelatinases. The appearance of 60K gelatinase during
the late involutary phase suggested a possible role in
involution. Therefore the hormonal regulation of the
activity of this enzyme was studied.
3.2. E¡ect of L-oestradiol in vivo
L-Oestradiol is known to induce involution [14].
Therefore the e¡ect of L-oestradiol on the activity
of 60K gelatinase was studied. Lactating rats were
administered L-oestradiol and subjected to involu-
tion. Mammary tissues were collected at 48 h after
injection and subjected to zymographic analysis.
There was a marked decrease in milk protein produc-
tion in the hormone treated animals compared to the
control, indicating the onset of involution.
Tissues from control animals showed 130K and
68K activity and no 60K activity. But in hormone
treated tissues, signi¢cant activity of 60K gelatinase
was also found (Fig. 3), indicating that L-oestradiol
induced involution resulted in the production of this
enzyme.
Fig. 3. E¡ect of L-oestradiol administration on gelatinase activity in early involuting mammary gland. Lactating rats were given a L-
oestradiol injection (0.6 mg/kg body wt) subcutaneously and were subjected to involution. Saline administered animals served as con-
trol. Mammary tissue extracts from the 2nd day involuting tissue of control 2(3) and L-oestradiol treated animals 2(+) were subjected
to zymographic analysis and compared with the normal untreated 6th day involuting tissue 6(3). The zymogram was quantitated as
described in the legend to Fig. 1. Values given are the average of ¢ve experiments ( þ S.D.).
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3.3. Gelatinase activity in mammary epithelial cells in
culture
In order to further examine the e¡ect of hormones
on the 60K gelatinase, the production of this activity
by mammary epithelial cells isolated from involuting
tissues was studied in vitro. Cells isolated from 2nd
and 6th day involuting tissues were maintained in
culture, in a serum free medium for various time
intervals. The medium and cell pellet at each time
period were collected and subjected to zymography.
Medium from the cultures of the cells from 2nd day
involuting tissue showed 130K and 68K gelatinase
activity (Fig. 4) while that of 60K activity was not
signi¢cant. The cultures from the 6th day involuting
tissue showed signi¢cantly high 60K gelatinase activ-
ity (Fig. 4) in addition to 68K, while the 130K ac-
tivity was negligible. The cell pellet showed relatively
very low activity indicating that the enzyme is se-
creted (Fig. 4).
The e¡ect of L-oestradiol in vitro was studied us-
ing cultures of the mammary epithelial cells isolated
from the 2nd day involuting tissue. Cells were treated
with L-oestradiol (1034 M) and cultures maintained
for 18 h. Parallel controls without oestradiol were
taken. Zymographic analysis of the cell pellet and
the medium was done (Fig. 5). The hormone treated
cultures showed signi¢cant 60K activity while this
Fig. 4. Production of gelatinases by mammary epithelial cells in culture. Mammary epithelial cells from 2nd and 6th day involuting
tissues were isolated and primary cultures maintained for 18 h. The gelatinase activity was assayed and quantitated as described in the
legend to Fig. 1. The activity was tested both in the cell pellet (P) and in the medium (M). The numerals indicate the day of involu-
tion. Values given are the average of three experiments ( þ S.D.).
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was absent in untreated control. There was no
change in the 68K activity in L-oestradiol treated
cultures when compared to the control, indicating
that the L-oestradiol e¡ect was speci¢c.
3.4. E¡ect of L-oestradiol on the synthesis of 60K
gelatinase
The e¡ect of L-oestradiol was studied by treating
mammary epithelial cells from 2nd day involuting
tissue in culture with di¡erent concentrations
(1037^1032 M) of the hormone in [3H]leucine (25
WCi/ml) containing medium. The cultures were main-
tained for 18 h after which the cell pellet and the
medium were collected and the radiolabelled 60K
gelatinase activity was quantitated by immunopreci-
pitation as described in Section 2.
There was an increase in the amount of [3H]60K
protein secreted into the medium with increase in the
concentration of L-oestradiol and a maximum e¡ect
was observed at a concentration of 1034 M hormone
(Fig. 6). L-Oestradiol e¡ect on the secretion of 60K
gelatinase was further investigated by treating the
cells for di¡erent time intervals (2^18 h) in the pres-
ence of hormone (1034 M). With the increase in time,
there was a progressive increase in [3H]60K protein
in the medium (Fig. 7). In untreated cultures no sig-
ni¢cant 60K radioactivity was seen, but a certain
amount of immunoprecipitable radioactivity could
Fig. 6. E¡ect of L-oestradiol on 60K gelatinase production by mammary epithelial cells in culture: concentration dependence. Mam-
mary epithelial cells from 2nd day involuting tissue were metabolically labelled with [3H]leucine (25 WCi/ml) in the presence of di¡er-
ent concentrations of L-oestradiol (1037^1032 M). The [3H]60K gelatinase was immunoprecipitated, electrophoresed and quantitated
as described in the text. The values given are the average of triplicate assays ( þ S.D.).
Fig. 5. E¡ect of L-oestradiol on the 60K gelatinase activity in
mammary epithelial cells in culture. Mammary epithelial cells
from 2nd day involuting tissue were maintained in culture for
18 h in the presence of L-oestradiol 1034 M (+) and the ab-
sence of the hormone (3). Gelatinase activity in the medium
was determined by zymography.
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be seen in these controls during the early intervals
which remained constant throughout the incubation
period.
3.5. Morphological changes in the mammary gland
during normal and induced involution
In order to examine whether the appearance of
60K gelatinase is related to the involutary process,
the extent of involution was also studied by looking
at the morphological changes occurring in mammary
gland at di¡erent stages of ontogeny by histochem-
ical staining of the tissue section using haematoxylin
and eosin (Fig. 8). The sections from sexually mature
virgin tissues showed a £attened epithelial lining with
intervening fat tissue. There were only about 20% of
the acini compared to that of lactating mammary
tissue. The size of the acini was also minimum. At
the time of weaning, the lumen of the acini in the
lactating mammary gland was dilated. The acini were
lined with cuboidal epithelium with apocrine meta-
plasia. Lumen showed evidence of secretion. Tissue
was packed with acini with scanty fatty and ¢brovas-
cular tissue, but as the involution was set in, the
number of acini was reduced to about 87% of that
of the lactating tissue by the 2nd involuting day.
Though the lumen width was similar to lactating
tissue, there was a slight £attening of the epithelium.
By the 6th day of involution, the acini collapsed to
about 40%. Lumen size and width were considerably
reduced with £attened lining epithelium. The appear-
ance of more intervening fatty tissue indicated the
onset of involution.
In the hormone treated tissue the number of acini
was reduced to 48% of that of the lactating tissue on
the 2nd day of involution. The size of the acini was
also notably reduced. Lumen width was considerably
reduced with £attened epithelium. The appearance of
¢brofatty tissue in between the lobules further indi-
cated early involution.
3.6. Immunocytochemical analysis of the hormone
treated tissues
The expression of the 60K gelatinase on treatment
with L-oestradiol was also tested by immunocyto-
chemical analysis. Sections of lactating, involuting
and the hormone treated involuting mammary tissue
were subjected to immunocytochemical analysis. A
positive reaction was indicated by brown staining.
As the involution reached the 6th day, intense stain-
ing was seen in the extracellular space indicating the
association of the 60K enzyme with the ECM
(Fig. 9). A similar pattern of staining was also seen
in the 2nd day involuting tissue from animals treated
with L-oestradiol. Staining was seen on the epithelial
and myoepithelial cell lining of the acini in normal as
well as the oestradiol induced involuting tissues.
However, the untreated control tissue on the 2nd
involuting day which did not show 60K gelatinase
activity on biochemical analysis, also showed positive
staining, although less intense, on the epithelial and
myoepithelial cell lining of the acini. Not much stain-
ing was seen in the ECM in the untreated controls
when compared to the hormone treated samples.
Sections from lactating tissue did not give any
positive reaction on immunocytochemical staining,
further indicating the absence of 60K gelatinase
during the lactating phase. Parallel controls of
the 2nd and 6th day tissue sections untreated
Fig. 7. E¡ect of L-oestradiol on mammary epithelial cells : time
course. Mammary epithelial cells from 2nd day involuting tissue
were metabolically labelled with [3H]leucine (25 WCi/ml) and
treated with L-oestradiol 1034 M (b) for di¡erent time inter-
vals. The [3H]60K gelatinase was quantitated as described in
the legend to Fig. 6. Cultures without L-oestradiol were taken
as controls (a). The values given are the average of triplicate
assays ( þ S.D.).
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with the primary antibody did not show any stain-
ing indicating that the reaction observed was not
non-speci¢c.
4. Discussion
The results reported above indicate that the 60K
gelatinase, a neutral matrix metalloproteinase, is in-
Fig. 8. Histochemical analysis of mammary tissue sections. Haematoxylin-eosin staining of virgin (A), lactating (B), 2nd day involuting
(C), 2nd day involuting after L-oestradiol treatment (D), 6th day involuting (E) and 15th day involuting (F) tissue sections. C, acini;
6 , myoepithelial cells ; I, fatty tissue. Bar: 100 Wm.
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volved in matrix remodelling during involution. Evi-
dence in support of this is provided by the following
observations: (a) 60K gelatinase which is absent dur-
ing lactation and early involutary phase appeared
during the late stage of involution of the mammary
tissue, and (b) treatment with L-oestradiol which in-
Fig. 9. Immunocytochemical staining. Lactating (A), 2nd day involuting untreated (B) and L-oestradiol treated (C) and 6th day invo-
luting (E) mammary tissue sections were stained with antibody against 60K and counterstained with Mayer’s haematoxylin as de-
scribed in Section 2. Tissue sections of the 2nd (D) and 6th (F) involuting day untreated with primary antibody served as control.
Straight arrows indicate staining on the periphery of epithelial cells, curved arrows indicate myoepithelial staining, and arrowhead in-
dicates ECM staining. Bar: 100 Wm.
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duces early involution resulted in the appearance of
the 60K enzyme. The onset of early involution on L-
oestradiol administration was indicated by a marked
decrease in milk protein production and a drastic
regression of the mammary gland as shown by his-
tochemical analysis.
During involution, there is degeneration of the
basement membrane [6] which is brought about by
the ECM degrading proteinases [5]. Earlier reports
[3] on the lowest expression of ECM degrading ma-
trix metalloproteinases in mammary tissue during
lactation and the upregulation of certain proteinases,
including a 72K gelatinase during involution, high-
light the requirement of an intact basement mem-
brane for the maintenance of di¡erentiated function.
Although it was suggested that the 72K gets acti-
vated to 68K and 60K gelatinase [3], our results us-
ing speci¢c antibodies indicate that 60K is not re-
lated to these gelatinases. Further, the 68K activity
is shown by mammary tissue during all stages of
development including in lactating tissue which did
not show any immunochemical reaction with anti-
body against 60K. Puri¢ed 130K and 68K gelati-
nases did not give any positive reaction on immuno-
blot analysis with antibody against 60K enzyme. The
60K gelatinase does not appear to belong to any of
the two metalloproteinases, viz. the 72K constitutive
gelatinase A and the 92K gelatinase B because (a)
antibody against 60K gelatinase did not react with
68K which has been characterised as gelatinase A
[23], and (b) the molecular size of the active enzyme
is di¡erent from that of gelatinase B [24].
The 60K gelatinase is a neutral MMP, the activity
of which is dependent on Ca2 [13]. Immunocyto-
chemical analysis with tissue sections indicates that
the enzyme is located in the extracellular space as
well as on cells. Relatively higher activity of the en-
zyme was seen in the medium in cultures of the mam-
mary epithelial cells, indicating that the enzyme pro-
duced in cells is secreted into the extracellular space.
In vitro studies using mouse mammary epithelial
cells reported by Talhouk et al. [5] showed that the
gelatinases were secreted vectorially in the direction
of the basement membrane and stromal compart-
ments.
A possible role of the 60K gelatinase in involutary
process could be understood by examining the path-
ways by which the neutral proteinases are regulated.
It has been reported earlier [3] that a coordinated
expression of ECM degrading proteinases and their
inhibitors regulate the mammary epithelial function
during involution. During early involution there is
comparatively higher TIMP activity downregulating
the MMP activity, but as involution progresses the
TIMP is downregulated, resulting in increased MMP
activity. Our results indicate that the activity of the
60K gelatinase is probably not regulated by TIMP.
Evidence in support of this was from the observation
that L-oestradiol treatment causes the appearance of
60K gelatinase on the 2nd day of involution, when
the TIMP activity is reported to be high. In un-
treated control, the 60K activity is not detected on
the 2nd day of involution in zymography.
Hormones also appear to play a key role in regu-
lating the MMP activity [25] during involution. Hy-
drocortisone, which inhibited involution, has been
shown to speci¢cally inhibit the proteolytic phase
and downregulate gelatinase A and stromelysin
[23]. Glucocorticoid inhibits involution on the ven-
tral prostate gland after castration and a¡ect apop-
tosis related gene expression [26,27]. As indicated
before, the 60K activity was observed only at a late
stage of involution, but L-oestradiol administration
led to the production of 60K gelatinase in the early
involutary phase. The morphological and physiolog-
ical changes in the tissue also indicated the onset of
early involution due to L-oestradiol. Zymographic
analysis and metabolic labelling studies showed that
primary cultures of cells from 2nd day involuting
tissue did not produce the enzyme, but treatment
of these cells with L-oestradiol in vitro increased
the production of 60K gelatinase. The oestradiol ef-
fect was concentration dependent and observed as
early as 2 h after treatment. The e¡ect of L-oestradiol
does not appear to be a general e¡ect as 68K and
130K gelatinases were not a¡ected while only the
60K activity was upregulated in both in vitro and
in vivo experiments. In vitro studies also indicate
that the hormone exerts a direct e¡ect on the cells
in the production of 60K gelatinase and that the
e¡ect of L-oestradiol observed in vivo is not due to
any systemic e¡ect.
The e¡ect of L-oestradiol on 60K gelatinase pro-
duction observed here appears to be physiologically
important. Lactation is induced in response to pro-
lactin; as the prolactin e¡ect is reduced and the oes-
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trogen stress increases, lactation stops and the gland
progressively undergoes involution. Results of in
vivo and in vitro experiments with L-oestradiol dem-
onstrated above, indicate an upregulation of 60K
gelatinase, which is capable of degrading collagen
in the ECM. These results therefore suggest that
one of the possible factors underlying the physiolog-
ical process of involution and remodelling of ECM in
the mammary tissue is the upregulation of 60K ge-
latinase by oestrogen, but it is not clear how oestro-
gen regulates the activity of this enzyme. Immuno-
blot analysis (data not shown) indicated that the 60K
is present as an inactive precursor. The presence of
such an inactive precursor may explain the positive
staining observed in immunocytochemical analysis of
untreated 2nd day involuting tissues. The inactive
precursor appears to be associated with cells, as
staining was seen on the epithelial and myoepithelial
cell lining of the acini and not in the extracellular
space. It is not clear whether oestradiol a¡ects the
activation of this precursor. Detailed investigations
are underway to study the mechanism of upregula-
tion of the enzyme by L-oestradiol.
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